It is estimated by the Energy Information Administration (EIA) that between 2003 and 2030, the world will increase its energy use by 71 %, requiring about $6 trillion investment in oil and gas exploitation in order to meet present and future demands of energy. Africa contributes around 10 million barrels per day (bpd) and about 185,02 billion cubic meters (bcm) of natural gas to the global production. With 70 % of this value being in West Africa, focus has defintly moved to the petroleum producing Gulf of Guinea. This region holdsnumerous proven reservoirs that are made up primarily of sandstone characterized with the presence of shale. Most of the fields under exploitation in this region use water flooding to maintain their reservoir pressure. Low salinity has been successfully applied on sandstonefields such as the BP Claire Ridge, Mad Dog and Thunderhorse, and start oil's Peregrino field Thus, the application of low salinity water flooding (LoSal) seems to be a viable option for improvement the productivity of the region. This has shown to bring about an increase of from 5 -40 % based on original oil in place.
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As seen from figure 1 and 2 the Gulf of Guinea province includes the Ivory coast, Saltpond, Tano, Central, Keta and Benin Basins and the Dahomey Embayment in the northwestern part of the Gulf of Guinea.
At least five total petroleum systems (TPS) exist in the Gulf of Guinea Province (7183): (1) the Lower Paleozoic TPS, consisting of Devonian source rocks and Devonian to Lower Cretaceous reservoir rocks; (2) the Lower Cretaceous TPS, consisting of Lower Cretaceous lacustrine source rocks and Cretaceous reservoir rocks; (3) the middle Albian Terrestrial TPS, consisting of gasprone source rocks and Albian reservoir rocks; (4) the upper Albian TPS, consisting of marine transgressive oil-prone source rocks and Albian reservoir rocks; and (5) the CenomanianTuronian TPS, consisting of open marine oilprone source rocks and Albian to Upper Cretaceous reservoir rocks [2] .
The oldest proven reservoir rocks in the Gulf of Guinea Province are Devonian to Carboniferous sandstone beds in the Saltpond field of Ghana. The sands that make up the Devonian reservoirs are deposited in shallow to restricted marine environments. However, the sands forming the Carboniferous reservoirs are deposited in fluvial environments [2] . Similar reservoir rocks may exist westward across the province in the Ivory Coast Basin where there will predominantly be sandstone and shales. Clastic Albian rocks are found in several producing fields in Ivory Coast Basin, these are also known as Tano and Keta Basins [3] . The offshore part of the Benin Basin is also made up of Albian sandstone. From here one can see that most of the reservoir formations are mostly a combination of sandstones and shale. Table 1 . Summary of estimated undiscovered volumes of conventional oil, gas and natural gas ilquids from undiscovered petroleum fields in the Cretaceous Composite Total Petroleum System of the Gulf of Guine Province From table 1 it is clear the Gulf of Guinea still holds much promise for the future. It is estimated tohave mean undiscovered resources of 1,004 million barrels of conventional undiscovered oil, 10,071 billion cubic feet of gas, and 282 million barrels of natural gas liquids in undiscovered fields [2] . The amounts of proposed undiscovered oil and gas makes this place a prime location for further development and the application of new technologies to improve on production such as LoSal technology which as an affinity to sandstone and shale reservoirs.
MMBO, million barrels of oil. BCFG, billion cubic feet of gas. MMBNGL, million barrels of natural gas liquids. MFS, minimum field size assessed (MMBO or BCFG). Prob., probability (including both geologic and accessibility probabilities) of at least one field equal to or greater than the MFS. Results shown are fully risked estimates. For gas fields, all liquids are under the NGL (natural gas liquids) category. 
Low salinity technology is a highly promising EOR method where desalinated seawater is injected into a petroleum reservoir. Benefits of reduced salinity waterflood over high salinity waterflood range from 5 -40 % based on original oil in place. This can be applied both as a secondary and a tertiary EOR method. Low salinity as a secondary waterflood application implies that reduced salinity water injection is carried out from day one. Low salinity as a tertiary waterflood application however implies that reduced salinity injection follows higher salinity water injection.
The first core plug experiments were conducted by Bernard containing hydratable clays [4] in which he concluded that more oil was recovered from fresh water flooding as compared to brine flooding. Interestingly enough after many years of research, scholars have still not been able o agree on the exact mechanism of oil recovery for this technology. There are several schools of thought highlighting several key mechanisms [5] :
-Wettability alteration; -Rock dissolution; -Electric double layer effect (EDL); -Interfacial tension (IFT) reduction. These have all been proven by several research publications to effect the process to some degree. Which mechanism is the primary determining factor has to still be agreed upon. However it is also possible that it may be a combination of several factors.
Most research work and field applications have been mostly applied in sandstone reservoirs due to the extra challenges that are encountered when the technology is adapted for carbonate reservoirs. They in general have a lower water wetness, there exists a higher level of heterogeneity and complexity of reservoir structure, the understanding of the ionic interaction in carbonate reservoirs with LoSal water is more complicated due to the oil wet nature of carbonates and the general deficiency in research in this area increases the risk factor if applied.
Reservoir lithology is one of the primary screening criteria in the selection of any enhanced oil recovery method (EOR). From figure 3, one can see that most enhanced oil recovery (EOR) methods are applied in sandstone reservoirs, with a 50 % gap between itself and carbonate reservoirs. Thus LoSal technology has great prospects for the future [6] .
Certain basic conditions must exist for the technology to be feasible in sandstones:
-Porous medium: Sandstones containing clay minerals (>10 %, significant kaolinite content uniformly distributed [7] 
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be combined with other recovery methods such as polymers, alkaline or silicate and carbonated water. Effective and efficient desalination is critical for the success of Low salinity applications. Thus, the desalination technology must be selected in such a way to make the process economically viable.
Desalination can be divided into 4 major groups:
-Thermally activated systems: multi-stage flash distillation (MSF), multiple-effect distillation (MED), vapor compression distillation (MVC), humidification -dehumidification desalination (HDH), solar distillation(SD) and freezing (Frz).
-Pressure-activated systems: reverse osmosis (RO), forward osmosis (FO), electro-dyalysis (ED) and nanofiltration (NF).
-Chemically-activated desalination methods: ion-exchange desalination (I.Ex), liquid-liquid extraction (LLE) and gas hydrate (G.Hyd) -Adsorption technology (Ads).
In general seawater has an average of 35,000 ppm TDS concentration [8] . Thus any desalination technology should be able to desalinate a solution with a minimum of 35,000 ppm TDS. These technologies are all in different stages of development to truly suit the challenging and demanding environments that exist offshore. Table  2 shows that only certain methods aretheoretically applicable offshore for the desalination of seawater due to their limits in salinity, both in feed and produced water [9] . These methods are: MSF, MED, MVC, RO, FO and Abs. the general mechanism of the methods have been described below.
Reverse osmosis (RO)
This method is based on the common concept of osmosis. Osmosis is defined as the tendency of a fluid, usually water to flow through a semipermeable membrane intoa solution where the solvent solution is higher. This will happen as long as the osmotic pressure difference ∆∏ is greater than the pressure difference ∆p, which in turn depends on the difference in concentrations of the solutions at both sides of the semi-permeable membrane (figure 4). 
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On the other hand reverse osmosis takesplace when ∆p is larger than ∆∏. This is an artificial process that allows the flow of most often water from a more concentrated solution to a less concentrated solution [10] .
There are several types of membranes that can be used for the RO process. These membranes are often very thin due to flux.
Cellulose-acetate (CA) membranes were the first membranes used commercially for RO and are still used in the industry.
The Asymmetric membrane [10] consist of two layers; one active non porous layer that prevents the transport of mass through the membrane and one porous supporting layer that prevents ripping.
Composite membranes, these are gaining much popularity in the industry. They are composed of one active layer made of polyamide and one porous supporting layer which as the option of having a made from different materials.
Composite membranes have certain advantages over the traditional CA membranes. They are more physically and chemically stable, they resist bacterial degradation and do not hydrolyze. However they have a tendency to foul as compared to CA membranes that are in general less hydrophilic [10] .
Most membranes of late have taken on a spiral wound module [10] . It is made up of multiple sheet membranes that are glued together with a permeate spacer in between. The perforated central tube resultantly has membrane pockets being formed. Feed channel spacers are placed between each membrane pocket to create alternating feed and permeate channels. The feed is then forced through the layers that are rolled around the tube. The spiral is cheap, easy to manufacture, has a well-balanced permeability and has a high packing density. However it is also difficult to clean and fouls easily ( figure 5) .
Forward osmosis This is also known as «direct osmosis», fresh water is generated from saline water as it passes through a semipermeable membrane with a high osmotic pressure concentrated draw solution [11] . As soon from figure 6, osmotic pressure is used to separate water across the membrane rather than the conventional hydraulic pressure gradient. Fresh water dilutes the draw solution after passing through the semipermeable membrane. The draw solution is then concentrated in a recovery system to produce water. Membranes must be developed to have high water flux, and low fouling [12] .
Multistage flash distillation (MSF)
This is another common method for desalination of sea water, this happens under low temperature in a vacuum environment. This can produce about the 20 % water product. The vapor condenses to form fresh water. Water boils at a lower temperature in a vacuum environment thus consuming less energy.
The cold sea water passes through the condensing coils in the vacuum flash chambers. These preheat the cold water and condense the 
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flashed steam in the chambers to produce fresh water.The sea water heats to around 90 -110 °C whilst passing through the brine heater [13] . The hot brine enters the flash chamber, the entering water temperature is higher than the boiling temperature at the vacuum pressure. Thus, some of the water flashesto steam. The steam rises and condenses to pure water. Salt and other impurities remain at the bottom. This balance brine goes to the next chamber where the process then repeats. This increases the quantity of water. The balance brine returns to the sea (figure 7). .
Mechanical vapor compression (MVC)
The heat used to evaporate part of the feed, which flows from one side of a heat transfer surface, is supplied through the simultaneous condensation of distillate found on the other side of the surface ( figure 9 ). The «heat pump work» work and the fraction required for liquid pumping are the only energy actually spent by the setup.
The heat produced by the compressor work is rejected in the outgoing product and brine systems that are discarded at a higher temperature as compared to the seawater feed. The incoming seawater feed is preheated by means of two plate heat exchangers in order to maintain the high operating temperature. This system does not require cooling water and is considered the most thermodynamically efficient process of a single purpose thermal desalination plant [15] . 
Adsorption technology (Ads) / Adsorption desalination system (ADS)
This is a two bed absorption system. The process first starts in bed 1 where desorption starts and then moves to bed 2 for absorption. After half cycle, desorption is proceeded in bed 2 and the absorption process is proceeded in bed 1 ( figure 10) .
The operation can be divided into evaporation -absorption process and desorption -condensation processes. The salt water is evaporated 
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by suction effect from the absorbent which takes place at the evaporator in low conditions of pressure and temperature. Heat is released by cooling water. The regeneration of the absorbent is facilitated by low grade heat which is supplied to the bed in desorption mode. The water vapor migrates to the condenser and then the desalination water is collected in the collection tank [3] . ADS is has a generally low annualized unit production cost, no moving parts making it low maintenance costs, environmentally friendly and low fouling rate. From [9] further analysis one can see from table 2 that these technologies also vary in their values for energy consumption and water production. These values play a critical role in the selection of a method for desalination since their vales reflect on the economics of the project.
Analyzing tables 2 and 3 together one can make a conclusion that RO and FO are the best options when it comes to the above parameters. FO in comparison to RO displays a much better degree of energy consumption it consumes 39 % less energy. Taking water production running cost into consideration one can see that the values are quite similar with only a difference of 0.05$/m 3 [9] . However, RO is a tried and tested technology that has been applied successfully in fields such as ENDICOTT field during the application of low salinity technology. Here RO was used for the production of 50 MBD of low salinity water from 150 MBD seawater [16] . RO was also applied successfully by British Petroleum in 2004 on the Claire Ridge Project [17] to mention a few. 
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FO is however still being commercialized with continuing developments in membranes and draw solutions. Also the regeneration of draw solution is also not yet optimized [12] . Conclusion Low salinity is gaining more and more interest, even extending its application into carbonate reservoirs. With its ability to increase OOIP from 5 -40 %, its successful application will truly change the impact the gulf of guinea has on energy supply globally.With the presence of Devonian to Carboniferous sandstone beds, including Albian sandstone this is truly a prime location for the application of this method since it is best suited for sandstone formations. Effective and economical desalination is critical to itsviability an EOR method, especially in offshore conditions where technology is limited by space and weight constraints. RO is still the preferred method for desalination of seawater. However, FO seems to be superior to its counterpart RO in relation to energy consumption energy consumption, where its uses 39 % less energy. It also has the ability to produce water with an even lower salinity. The technology however has yet to be commercialized [18] . Withits low cost, ability to be combined with other forms of EOR, low CO 2 emissions, adaptability as a secondary and tertiary form of EOR, low salinity water flooding has a big role to play in the future development of the Gulf of Guinea and west Africa in general.
